Abstract. Tourette syndrome (TS) is a disorder characterised by multiple motor and vocal tics and is frequently associated with behavioural problems. Tics are known to be affected by internal factors such as inner tension and external factors such as the surrounding environment. A number of behavioural treatments have been suggested to treat the symptoms of TS, in addition to pharmacotherapy and surgery for the most severe cases. This review compiled all the studies investigating behavioural therapies for TS, briefly describing each technique and assessing the evidence in order to determine which of these appear to be effective. Different behavioural therapies that were used included habit reversal training (HRT), massed negative practice, supportive psychotherapy, exposure with response prevention, self-monitoring, cognitive-behavioural therapy, relaxation therapy, assertiveness training, contingency management, a tension-reduction technique and biofeedback training. Overall, HRT is the best-studied and most widely-used technique and there is sufficient experimental evidence to suggest that it is an effective treatment. Most of the other treatments, however, require further investigation to evaluate their efficacy. Specifically, evidence suggests that exposure with response prevention and self-monitoring are effective, and more research is needed to determine the therapeutic value of the other treatments. As most of the studies investigating behavioural treatments for TS are small-sample or single-case studies, larger randomised controlled trials are advocated.
Introduction
Tourette syndrome (TS) is a neurodevelopmental disorder characterised by the chronic presence of multiple motor and phonic tics, i.e. involuntary movements and utterances [1, 2] . A recent review of the existing epidemiological studies for TS established that TS is relatively common, affecting around 1% of school-age children [3] . Tics vary between patients in terms of their anatomic location, frequency and severity, and these factors themselves change over time within the individual [4] . Co-morbid behavioural problems are reported by about 90% of patients with TS [5] . The most common psychiatric co-morbidities include obsessive compulsive disorder (OCD) [6] , attention deficit hyperactivity disorder (ADHD) [7] , affective disorders [8] , impulse control disorders [9] and personality disorders [10] . Neuroimaging studies of subjects with TS have frequently implicated the basal ganglia and associated cortices with the disorder, demonstrating reduced activity within this area relative to control subjects [11] . Findings suggest that the basal ganglia portions of the striatum and its dopaminergic circuitry may be the key areas involved in the pathophysiology of TS, as this is the region regulating motor and behavioural expression [12] . As a result of this neurobiological model of TS, pharmacotherapy is currently the commonest treatment [13] , although it tends not to be used in patients with mild symptoms [14] . A behavioural model of TS however acknowledges that tics are susceptible to being affected by environmental events [15] and can to some extent be controlled by the individual [16] . Thereby behavioural interventions can also be implemented, especially when medications are found to be ineffective or have intolerable side-effects [13] . These treatments aim to teach patients strategies to consciously modify their behaviour to reduce the severity of their tics. Ideally, treatment of severe TS should include a combination of psychological and pharmacological therapies [14] . This review explores the different behavioural approaches used in TS and reflects on their relative effectiveness.
Methods
A comprehensive electronic literature search was conducted for this review, in line with the PRISMA guidelines for systematic literature reviews [17] . The databases accessed included Pubmed, Ovid, Medline, PsycInfo and Google Scholar. The following search terms were used: "Tourette syndrome", "tics", "behavioural treatment", "habit reversal training", "massed negative practice", "supportive psychotherapy", "exposure with response prevention", "self-monitoring", "cognitive-behavioural therapy", "relaxation therapy", "assertiveness training", "contingency management" and "biofeedback training". The different therapies were found mainly from reviews evaluating behavioural treatments for TS, or they were brought up by the search engines. Reference lists of pertinent articles were also used to find related studies. Finally, the tables of contents of the journals which had published the most literature on the topic were reviewed. These included Behaviour Research and Therapy, the Journal of Applied Behavior Analysis, Behavior Modification, and the Journal of Behavior Therapy and Experimental Psychiatry.
Results
Our systematic literature search found the following behavioural treatments for TS: HRT, massed negative practice (MNP), supportive psychotherapy (SP), exposure with response prevention (ERP), self-monitoring (SM), cognitive-behavioural therapy (CBT), relaxation therapy (RT), assertiveness training (AT), contingency management (CM), a tension-reduction technique and biofeedback training (BT). Table 1 summarises the results of the studies included in this review.
Habit reversal training (HRT)
HRT is the most commonly used behavioural treatment for TS, as several studies have proven its clinical efficacy in reducing tics [18] . HRT is a multicomponent treatment, the main stages of which are recording, awareness training, competing response practice, habit control motivation and generalisation training [19] . In order to prevent a tic from occurring, the patient is taught how to recognise warning signs such as premonitory urges, and to perform a specific competing response using antagonistic muscles to the muscles required to perform the tic [19] . Since its original conception, HRT has become simplified and can usually be taught in eight 1-hour sessions or less, with no loss of effectiveness [20] . To date, eight randomised controlled trials (RCTs) [21] [22] [23] [24] [25] [26] [27] [28] and 14 single-case studies [19, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] have been conducted investigating the efficacy of HRT. Carr and Chong [18] assessed 12 studies investigating the use of HRT to treat tics. 94% of the participants observed tic reductions, most of which maintained at long-term follow-up assessment, thus leading to the conclusion that HRT is an effective treatment for tics. When compared with other behavioural treatments, HRT has consistently been found to be of equal or superior efficacy [13] . The recently published large RCTs by Piacentini et al. [27] and Wilhelm et al. [28] alleviated much of the concern regarding the widespread use of small-n designs or group designs with small samples. The first study was conducted in the United States and included 126 children and adolescents with moderate to severe TS, who were randomly assigned to undergo a comprehensive behavioural intervention for tics (CBIT: a combination of tic awareness and HRT) or to be part of the control group who received supportive psychotherapy (SP) and education sessions. The CBIT treatment and the control treatment were delivered in 8 sessions across 10 weeks. The authors reported that about 53% of the children who received CBIT were judged significantly improved compared with 19% of those who did not receive CBIT. Specifically, CBIT gave a significantly greater decrease in tic severity and improved the psychological, social and school functioning for children and adolescents compared to the control group. These effects were maintained after a 6-month follow up for 87% of the children who had initially been responsive to the treatment. The second study adopted a similar paradigm, with slightly less positive results, in an overall adult sample of 122 patients. Vocal tics were reduced to an acceptable level during treatment, but returned at high level at 10-week follow-up, after which treatment was discontinued. Abbreviations: HRT, habit reversal training; MNP, massed negative practice; SP, supportive psychotherapy; ERP, exposure with response prevention; CBT, cognitive-behavioural therapy; SM, self-monitoring; RT, relaxation therapy; CM, contingency management; AT, assertiveness training; BT, biofeedback training; TS, Tourette syndrome; OCD, obsessive compulsive disorder; ADHD, attention deficit hyperactivity disorder; LD, learning disability; RCT, randomised controlled trial.
Massed negative practice (MNP)
MNP is based on the notion that over-use of a tic under conditions of massed practice (for instance telling the patient to voluntarily perform a tic for half an hour) leads to the disappearance of that tic through a process called reactive inhibition [42] . Results for the efficacy this method were inconsistent, with some studies reporting a decrease in tic frequency [21, [43] [44] [45] [46] [47] [48] [49] and others an increase [50] [51] [52] . It has been suggested that this variability could depend on patient characteristics, with anxious patients being more susceptible to tic increase in MNP [52] . Overall, MNP appears to be a less effective strategy then HRT for the clinical treatment of TS.
Supportive psychotherapy (SP)
SP is a conversation-based treatment which focuses on problem solving and reflecting about current life issues [24] . Three studies have evaluated the efficacy of SP versus HRT in the treatment of patients with TS [24] [25] [26] . Wilhelm et al. [24, 25] found that children and adults HRT groups improved significantly compared to the SP group with regards to both tic severity and functional impairment. Deckersbach et al. [26] confirmed these findings, but also found that SP was as effective as HRT in improving life satisfaction and psychosocial functioning. It has thereby been suggested that SP may be used as an adjunct treatment for individuals with TS, especially for those who do not achieve satisfactory tic reduction with HRT [26] . Overall, the current evidence on SP is inconclusive, especially with regards to the possibility that SP may do no better than a wait-list control, which controls for waxing and waning of symptoms (a comparison that, to the best of our knowledge, has not been conducted yet).
Exposure with response prevention (ERP)
In ERP, patients are asked to suppress their tics for prolonged periods of time. It is hypothesised that in this way they are exposed to the premonitory sensations (premonitory urges or "sensory tics") associated with tic expression, and begin to habituate to them, thus causing the urge to produce a tic to diminish [53] . Verdellen et al. [54] found that the premonitory urges decreased in severity during ERP, along with a decrease in tic frequency, thus supporting this hypothesis. Verdellen et al. [25] compared the efficacy of ERP to HRT in 43 patients with TS. Both treatments were found to be equally effective in the treatment of tics, however the long-term effects could not be established as 12 participants dropped out from the 3-month follow-up. However, it has to be noted that the ERP group received twice as much therapy time as the HRT condition, which could have explained the lack of a difference in therapeutic effects. Two single-case studies including a total of five patients found the treatment to be effective, although booster sessions were recommended to maintain treatment effects [53, 55] . Two studies were carried out testing for the rebound effect post-ERP treatment, whereby tic frequency should increase after an ERP session [56, 57] . Neither study demonstrated a rebound effect, thus supporting the theory that patients learn through ERP that the premonitory sensation can be tolerated to some extent, and that there is no need to release tension afterwards [57] . ERP is currently considered to be an efficacious treatment for TS, although long-term effects need to be determined.
Self-monitoring (SM)
SM requires the patient to acknowledge every tic that he or she produces, for instance by recording it on a counter [35] . This strategy is intended to result in tic reduction through increasing the patient's awareness of the tics he or she is emitting [58] . Eight studies have reported the use of SM in TS. Seven of these were case studies [29, [59] [60] [61] [62] [63] [64] . Varni et al. [63] used SM in combination with contingency management), whilst Peterson and Azrin [35] compared SM to HRT and relaxation training in 6 patients. Methods sometimes varied between studies. Techniques used included recording tic occurrence on wrist counters or notebooks [60, 64] , or acknowledging tic occurrence verbally [63] . Some studies were limited by the fact that they relied of participants to monitor their tics accurately, but some sought the confirmation of external observers (e.g. family members). All of the studies found that SM resulted in a significant reduction of tics, and Peterson and Azrin [35] found the treatment to be somewhat less effective than HRT (44% tic reduction versus 55%). One patient reported an increase in his tics during SM [35] . This exacerbation was apparently due to his attention being constantly drawn to them. In one of the studies, the patient relapsed to original tic frequency at 10-week follow-up [60] . Finally, there is the possibility that increasing awareness of a behaviour and SM are two different processes and that the latter may actually function as a competing response to tics. Overall, SM is potentially an efficacious treatment for TS, but more research is needed to confirm this.
Cognitive-behavioural therapy (CBT)
Four studies have investigated the use of CBT in the treatment of TS and other tic disorders [23, [65] [66] [67] . All of these studies were carried out by the same Canadian research team. The CBT treatment process followed the principle stages of HRT [19] , but in addition addresses the patients' approach to tic situations in a cognitive and behavioural manner, encouraging them to anticipate and appraise high-risk tic situations [65] . A relatively small-sample study (n = 7 in each group) found CBT to be as effective as HRT in helping patients to gain control over their tics [23] . Subsequent studies found that CBT was effective in controlling tics [65] and improving skilled motor performance [66] , independent of whether or not patients were taking medication for their tics [67] . Although a cognitive approach may not be essential in order to treat tics, it appears to facilitate the process [23] .
Relaxation therapy (RT)
RT, where patients are taught to apply a relaxation technique in high-risk tic situations, has been hypothesised to be effective in treating TS, as tics are generally thought to be exacerbated by anger, anxiety and excitement, and are less noticeable in periods of relaxation [68] . The research that has been made into RT as a treatment for TS is mainly limited to single case studies or very small sample studies [35] . Initial results demonstrated improvements in tic symptoms [35, 43, 46, 69, 70] , however the efficacy of the treatment was often found to be of short duration and patients were prone to relapsing shortly after the therapy ended [51, 52, 68, 71] . The largest and most recent study investigating RT as a treatment for TS, involving a sample of 7 patients in the RT treatment group, concluded that RT is of limited efficacy in the treatment of tics [68] .
Assertiveness training (AT)
In the treatment of a disorder like TS, it is important to take into account external as well as internal factors. AT does not focus on the tics themselves but attempts to teach the patient how to respond to their external environment in an assertive manner instead of "resorting" to their tics [46] . Two studies have used this technique in children (one with TS and one with another tic disorder) whose tics were often preceded by an unassertive behaviour [46, 72] . In both cases the treatment was found to be effective. These cases highlight the need to take social situations and patients' personalities into account during treatment for TS.
Contingency management (CM)
CM follows the assumption that modifying contextual factors can influence tic expression [73] . A number of studies have investigated the impact that the consequences of producing a tic have on tic expression. Overall, the studies found that positive consequences for withholding a tic decreased tic frequency [63, 69, [74] [75] [76] [77] [78] [79] [80] [81] . Negative consequences such as reprimands tended to increase tic frequency, indicating that drawing attention to a tic reinforces it [60, 79, [82] [83] [84] . A negative reinforcement effect on tics was also demonstrated in a few studies, with increases in tic frequency during escape/avoidance situations [45, 82, 84, 85] and premonitory urge conditions [86] . Many of these studies were carried out in laboratory settings, thus limiting their applicability to real-life situations. In the studies where CM was used as a treatment, long-term effects were found to be variable. In some instances, treatment was deemed to be effective [74, 77] . Other studies however found that tics increased to baseline levels when the contingency was not in effect [75, 76, 84, 85] . Himle and Woods [80] investigated the presence of a rebound effect in children told to suppress their tics in a contingency setting, however no rebound effect was found. Because all but one of the studies [79] were single-case studies or had a small sample size, and the methods used were variable, it is difficult to generalise these findings. However it is suggested that in instances where it is possible to modify external factors on a permanent basis (e.g. by instructing parents to reward children for not producing a tic), there is potential for CM in improving the symptoms of TS. It may be more difficult to implement CM in settings other than the patient's home, such as schools.
Tension-reduction
Evers and Van de Wetering [87] suggested a tensionreduction treatment for tics, based on the notion that tics are a tension-reducing response to a specific sensory stimulus. The sensory stimulus had to be identified, and the patient was then taught an alternative response to the stimulus. In this preliminary study, this technique was shown to reduce tic expression in two patients.
Biofeedback training (BT)
BT is a psychophysiological treatment which has shown promise in the management of treatment-resis-tant epilepsy [88] . In biofeedback, a covert physiological response, such as heart rate, galvanic skin response (GSR), or brain wave pattern, is presented to the participant as online (visual or auditory) feedback, allowing the participant to learn actively to modify the physiological process [89] . Nagai et al. [89] conducted a study investigating how changes in sympathetic arousal affected tic frequency in patients with TS, as a preliminary study to determine the potential for BT as a treatment for TS. Participants attended two sessions of BT, one inducing physiological relaxation, and the other, physiological arousal. Tic frequency was found to be significantly lower during the relaxation session, and higher during the arousal session. It is thus hypothesised that biofeedback relaxation training may potentially be used as a treatment for TS.
Discussion
This review explored the various existing behavioural treatments that have been used to treat TS. Approaches used were diverse, including techniques to counter tic occurrence, changing patients' outlook on the condition, and even modification of external factors. The review found that out of all the behavioural therapies in the treatment of TS, HRT is by far the best studied. All research papers concluded that HRT is an effective treatment for the disorder, with good results at follow-up [18] . Evidence for the effectiveness of the other treatments is generally limited to a few case-studies and small-sample studies. This is an important limitation in the review as administrations of the same treatment tended to vary between studies, especially CM. ERP and SM appear to be effective treatments for tics, whereas MNP and RT produced contradictory findings suggesting that they were not efficacious. SP, CBT and AT are likely to be found useful as adjunct therapies rather than treatments in their own right. CM has the potential to be effective, provided that it is implemented in a way that suits the individual. A tension-reduction technique tested in two patients showed potential therapeutic benefit. Recently, a study investigated the possibility of using biofeedback training to treat tics.
It is worthwhile considering the use of behavioural treatments in patients with TS, instead of or as well as pharmacotherapy, as they have several advantages. A relatively short course of behavioural therapy has the potential benefit of producing long-lasting remission from tics [90] , whereas medications need to be taken indefinitely. Furthermore, drugs carry the potential disadvantages of side effects, non-compliance and unresponsiveness [91] . Behavioural interventions can provide large reductions in tic frequency, not inferior to pharmacological treatment and in some cases bordering total remission [90] . The variable efficacy of behavioural treatments in different patients highlights the need to take individual patient characteristics into account.
As many of the studies conducted were single-case studies, further research is still needed to determine various aspects of the different therapies and their relative efficacy in different patients. Studies are needed for instance to compare the efficacy of the treatments between patients with different severities of TS (e.g., in order of severity, "pure TS" vs. "full-blown TS" vs. "TS-plus") [92] , and which behavioural techniques are best suited to each subset of patient. More follow-up studies are required to determine the long-term effects of the treatments. Regression analyses or qualitative studies could help to identify predictors of response and compliance. Finally, the multifaceted clinical phenomenology of TS highlights the need for research using comprehensive outcome measures, including multidimensional disease-specific patient-report measures of health-related quality of life [93] .
Although our understanding of the effectiveness of behavioural therapies for TS is largely incomplete, research so far has shown that there is vast scope for the use of these treatments either as alternatives, or adjunct to the traditional pharmacological treatments. From a conceptual point of view, a few questions remain unanswered. For example, how is ERP really different from HRT when patients engage in a competing response and "expose" themselves to the urge or uncomfortable sensation that then goes away after a while? It is essential to pursue research into this area as behavioural techniques may have the potential to make substantial improvement to the health-related quality of life of patients with TS. Future research needs to address better the role of single and multi-component interventions, as some behavioural techniques covered in this review article have become part of multi-component interventions. For example, AT has become an integrative part of CBITS, which was tested in both children [27] and adults [28] . Likewise, CBT interventions in the studies by O'Connor et al. [23, [65] [66] [67] included HRT and showed results matching with those from studies on HRT [94] . In a way, one of the most relevant questions that remains is not so much whether a particular behavioural technique such as HRT is effective, but whether the additional CBT treatment components added value.
